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Model microbial communities -comprised of a small number of pre-defined, culturable taxa -are 34 emerging as powerful tools in microbial ecology and biotechnology. Unlike wild microbial 35 communities, whose underlying design principles are often obscured by complex environmental 36 conditions and thousands of microbial "parts", simple synthetic consortia can be studied precisely 37 under controlled laboratory conditions. Through this approach, numerous studies have uncovered 38 principles of microbial community interactions, assembly, organization, and evolution [1] [2] [3] [4] [5] [6] [7] [8] . 39 Furthermore, simple synthetic consortia hold great promise for biotechnology 9 , including synthesis 40 of natural products that would be difficult to achieve with a single species 10 . 41 42
Despite the importance of model microbial communities, characterizing their composition (the 43 proportional abundances of their constituent strains) quickly and cheaply remains challenging, 44 since most standard methods have significant drawbacks (Table 1) . On one hand, counting 45 individual cells through colony formation on agar plates or with fluorescent labeling and flow 46 cytometry is both cost-and time-effective and provides a direct measurement of population size. • ability to correctly reject the presence of "decoy strains", which are included as potential 197 community members in the fits but were absent in reality. 198 CASEU infers strain fractional abundances accurately and reproducibly in many 2-, 4-, and 199 7-strain communities, while rejecting the presence of decoy strains. We first analyzed two-200 strain mixtures for which the proportion of a single strain varied from 5% to 95% (Fig. 2) . Across 201 all two-strain communities (except the mixtures of strains A and B, see below), fractional 202 abundance estimates were accurate with an average absolute deviation between the expected 203 fraction and the observed fraction of 0.6 percentage points (range 0.05% to 1.8%). Furthermore, 204 abundance estimates were consistent across independently sequenced technical replicates; the 205 average standard deviation of triplicate measurements was 0.55 percentage points (range 0.06% to 206 0.93%). 207
In larger communities (4-and 7-strain mixtures), fractional abundance estimates were similarly 208 accurate, even for low-abundance community members. To test the effect of strain evenness on 209 fractional abundance estimates, we prepared 4-or 7-strain communities whose strain abundances 210
were distributed according to a power law ( 8 ∝ RS ), where we varied the value of the exponent 211
. This allowed us to assemble communities of varying evenness (Fig. 3) , ranging from those in 212 which all strains were at equal abundance ( = 0) to those in which the dominant strain was 50-213 fold more abundant than the least abundant strain ( = 2). Across these communities, abundance 214 estimates were similarly accurate compared to the two-strain communities, with root-mean-square 215 (RMS) errors of 0.73 and 1.14 percentage points (maximum errors of 1.9 and 3.9 percentage 216 points), respectively for the 4-and 7-strain communities. Furthermore, the magnitude of error in a 217 strain's abundance was nearly independent of that strain's abundance in the community (Fig. S5A) . 218
The standard deviations we observe between triplicate results were comparable to what would be 219 attained by counting based methods (e.g. NGS or plate counts) with ~5200 counts (reads or 220 colonies) per sample (Fig. S5B) . 221
It is important to not only estimate the abundance of a strain known to be present, but also to 222 correctly determine when a strain is absent. To test whether CASEU is susceptible to erroneously 223 finding strains that were not present, we re-fit all our two-and four-species communities, this time 224 including all strains (except for B) as possible "decoy" community members. In nearly all cases, 225 CASEU correctly rejected the presence of strains that were not included in the community (Fig.  226  4) . Notably, CASEU erroneously found non-zero amounts of strain D in some samples where only 227 strains A and C were present. We attribute this to the similarity between electropherograms of 228 strains C and D (discussed below). 229
To differentiate strains, CASEU requires that their electropherograms are dissimilar. We 230 quantified similarity as the correlation between two electropherograms after aligning one to the 231 other. Our mock communities contained mixtures of strains with varying degrees of 232 electropherogram similarity, ranging from 0.98 (for strains A and B) to 0.09 (for strains A and G) 233 over a 630-basepair region of the 16S rRNA gene (Fig. S4 ). While CASEU failed to differentiate 234 strains A and B which have an average post-alignment correlation of 0.98 ( 
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(A) Community composition estimates of two-strain mixtures (as in Fig. 2D 
269
(B) Community composition estimates of four-strain mixtures (as in Fig. 3 ; α is the power law exponent),
270
in which three extra "decoy" strains were included as potential members. Bars and points are as in (A).
Evaluation on synthetic model communities
272
We envision CASEU as a rapid, cheap method for characterizing the structure and We also demonstrate two cases in which CASEU fails to infer fractional abundances correctly and 288 produced a visibly poor fit. Assessing the quality of the fit allowed us to detect errors, which we 289 could not have done through next-generation sequencing. 290
CASEU provides community composition estimates consistent with next-generation Illumina 291
sequencing of 16S rRNA amplicons (Fig. 5) , despite differences in library preparation 292 procedure and sequencing technology. In particular, across all communities, fractional 293 abundance estimates between the two methods were highly correlated (Pearson correlation 0.88, 294 Fig. 5H ). Furthermore, in five out of seven communities, we observed strong quantitative 295 agreement between Illumina estimates and CASEU estimates, with an RMS difference of 6.9 296 percentage points (Fig. 5A ,B,C,E,G). We observed a similar level of agreement for the final 297 timepoints of serially transferred communities (RMS difference of 2.1 percentage points.) 298
Major discrepancies between CASEU and Illumina sequencing can be attributed to a single 299 group of closely related strains. For two model communities, we observed sizable differences 300 between the CASEU and Sanger estimates (Fig. 5D,F ; RMS differences of 15 and 28 percentage 301 points, respectively). These differences were driven by the abundances of three strains (I3M06,  302 I2M14, and I2M19), whose electropherograms are too similar to be distinguished by CASEU. In 303 both model communities, these strains were estimated by CASEU to be at substantially lower 304 fractions than was estimated by next-generation sequencing. While we remain uncertain as to why 305 these strains are detected less with CASEU than Illumina, it may be a result of CASEU and 306
Illumina relying on different primers and amplification protocols. 
316
CASEU can be used to quantify time dynamics of model communities. Using CASEU, we also 317 quantified changes in community composition over time for seven model communities. We found 318 that four communities rapidly reached an equilibrium state dominated by a single strain, with one 319 strain exceeding 90% abundance within five days (Fig. 6B,C,D,E) . However, one community 320 continued to change in composition throughout the course of the experiment, suggesting that the 321 community has not reached a stable equilibrium composition. Therefore, CASEU can identify 322 coexistence and equilibrium states in model microbial communities. 323 324
Assessment of CASEU fits allows us to detect errors in sample preparation or sequencing.
325
Across CASEU analyses performed with these four-strain model communities (39 in total), we 326 identified two cases in which CASEU produced poor fits as quantified by the correlation between 327 the observed and predicted traces. In the first case, the predicted electropherogram had a 328 correlation of only 0.63 to the observed electropherogram, compared to >0.98 for other samples 329 from the same model community. This poor fit alerted us to a low-quality Sanger sequencing 330 electropherogram for one strain in the community, which contained a large anomalous 331 fluorescence spike (Fig. S7B) . In the second case, CASEU yielded a correlation between predicted 332 and observed traces of 0.45, compared to >0.95 for other samples from the same model community. 333
This poor fit was caused by the presence of a contaminating strain, which was not included in the 334 fit (Fig. S7C) Sequencing was performed by Genewiz as a drop-off service for $6/sample (<48 samples) or 425 $4/sample (>48 samples). We routinely received results within 24 hours of submitting our samples. 426
Our ABIF file metadata suggests Genewiz sequencing was performed on a 3730xl DNA Analyzer, 427 using BigDyeV3. 428 
